Shenzhen is a typical city of southern China. The current situation of natural gas utilization in Shenzhen is introduced. The experience of world energy consumption, especially the development trends of natural gas is reviewed. According to the characteristics of the economic development trends and the energy utilization planning in Shenzhen, the development prospect of natural gas utilization in Shenzhen is comprehensively analyzed. After the analysis, it is pointed out that natural gas will be a vital new source of energy utilization in Shenzhen. In the meanwhile, the problems and solution of interchangeability, price and alternate energy source in the natural gas development trend in Shenzhen are discussed. The results of the current study can be used as guidelines for the natural gas utilization and CO 2 emission reduction in other cities of southern China.
INTRODUCTION
Shenzhen, a coastal city of southern China, is separated only by a river from Hong Kong, the international cosmopolitan city of Asia. Covering an area of 1953 km 2 , Shenzhen lies in the Subtropical maritime climate zone. By the end of 2010, Shenzhen has a permanent population of 10 357 900. In 1982, Shenzhen was listed as the first Special Economic Zone of China. Within 30 years, as an important international window of China, Shenzhen is one of the cities that developed most rapidly in the world and one of the most developed cities in China.
Energy structure of Shenzhen
With an average annual growth rate of 10.82% from 2005 to 2010, the total energy consumption of Shenzhen area amounted to 47.26 million tons of standard coal (mtce) in 2010. Among this, the total electricity consumption reached 66.35 billion kWh, with an average annual growth rate of 7.84%. This enabled Shenzhen to be the fourth city in China in terms of electricity consumption. Shenzhen becomes the first city in the China Southern Power Grid to have a power load of more than 10 million kW. The oil consumption reached 17.47 million tons, with an average annual growth rate of 6.69%. The natural gas consumption totaled 2.4 billion cubic meters (BCM) ( 1.93 million tons), with an average annual growth rate of 61.97%; the coal consumption amounted to 5 million tons, with an average annual decline rate of 0.41%. In the consumption structure of primary energy sources, the proportion ratio of coal, oil, gas and electricity is 7.79:54.42:7.23:30.56 (Shenzhen 12th Five-Year Plan of Energy Development, 2011, unpublished data). Figure 1 shows the corresponding relationship between Shenzhen's energy consumption and its economic growth. It can be seen from Figure 1 that the energy consumption of Shenzhen is growing yearly as the economy grows. In earlier years, the energy consumption growth rate was a little lower than the GDP growth rate. But in recent years, it has been higher than the GDP growth rate. This means that the Shenzhen energy structure needs further optimization. The efficiency in energy utilization needs improvement.
Current situation of natural gas utilization in Shenzhen
In Shenzhen, there was no natural gas utilization before 2006. The original supply of pipeline gas was liquefied petroleum gas (LPG). With the first LNG project of China-the Guangdong Dapeng LNG Pilot Project, being launched, Shenzhen has been one of the pioneer cities to benefit from it. The scale of the It took 2 years to complete the transformation to natural gas. Almost 800 000 LPG users were converted into natural gas users. In the meantime, new users use natural gas directly. It is used on a wide scale, including in citizens' daily life, restaurant and entertainment services, schools and hospitals and variable load plants, etc. Natural gas utilization in such areas as natural gas automobiles, natural gas air conditioners, distributed energy and natural gas cryogenic energy is moving forward steadily. By the end of 2010, the amount of pipeline natural gas users has reached 1.032 million. This is 30.8% more than that of 2006, when the amount was 789 000 at the beginning of the transforming period. Since Shenzhen started to use natural gas in 2006, the natural gas supply has increased year on year. In 2010, the urban natural gas supply has reached 0.404 BCM, 12.5 times more than the 0.03 BCM in 2006; the natural gas supply of power plants amounted to 2 BCM, nine times more than the 0.2 BCM in 2006. Natural gas automobiles have also been put to use, with 7 LNG vehicle fuel-filling stations, 580 buses and 30 harbor tow trucks having been constructed and put into operation (Shenzhen 12th Five-Year Plan of Gas Industry, 2011, unpublished data), Figure 2 is the corresponding relationship between natural gas consumption and the growth in the number of users.
As an important move in the adjustment and optimization of the energy structure, achievement of a sustainable supply of energy and promotion of green development, the utilization of natural gas has a bright prospect in future. According to the development of world energy consumption especially the development trends of natural gas, the article analyzes the prospects of natural gas utilization. It also combines the development of the urban economy of Shenzhen, the plan of energy utilization and the practical situation.
THE PROSPECT OF NATURAL GAS UTILIZATION IN SHENZHEN

The development of world energy consumption
At present, the three energy sources, coal, oil and natural gas are still the main primary sources in the world. Figure 3 indicates the world energy consumption situation from 1965 to 2005 [1] .
With the development of economic society, the energy consumption will increase significantly. However, ecological damage and climate change owing to the use of fossil fuels bring forward serious problems including global warming. Thus, quick development and the use of fossil fuel energy directly threatens the sustainable development of human society. Therefore, the concept of 'Low-Carbon Economy' becomes a new requirement of global development. A lowcarbon economy is an economic structure based on low energy consumption, low pollution and low emission. It requires efficient energy utilization, clean energy development and green GDP. There are some important factors of low-carbon economy: the innovation of energy utilization technology, emission reduction technology and industrial structure, the fundamental change of the concept of human subsistence and development. Many countries and regions have put forward relevant policies and taken efforts to develop sustainable energy. Based on the development potential and resource of different energies, Joint Research Centre [JRC] [2] , forecasts the demand and changes of the energy structure in next 100 years. We can see the forecast in Figure 4 .
Natural gas is one of the three fossil fuel sources. According to 'BP World Energy Statistics 2010' [3] , the regions of Europe and the former Soviet Union consumed most natural gas, 35.9% of the overall consumption. North America comes next with a consumption of 27.8%. We can see from Figure 5 the world natural gas consumption from 1999 to 2009.
In most countries, natural gas is mainly for urban use, operations of industries and power plants. The structure of natural gas consumption in different countries depends on the availability of resources, economic development, economic structure and the competitiveness of alternative energy sources. Table 1 shows the structure of natural gas consumption in typical countries (Data of Sinopec Group, 2010, unpublished data).
The structure and trend of natural gas consumption in China
In recent years, China started the gas transmission from Sichuan to eastern China, from southern China to eastern China and from the LNG terminals built in the coastal area. Natural gas consumption has increased rapidly (16% annually) in China, from 27.4 BCM in 2001 to 88.9 BCM in 2009. However, compared with the natural gas industry of some other countries, China is still in the infancy of development. The utilization and development of natural gas in China is far behind the world average level. The natural gas consumption in China takes up only 4% of the primary energy consumption. Global natural gas consumption reaches 2.32 trillion m 3 every year, 24% of the primary energy consumption. The Chinese consumption level is far behind the world average level.
Natural gas is mainly for urban use, operations of industries and power plants. Table 2 shows the structure and the relationship of natural gas consumption of China (Chi GJ, 2010, unpublished data).
In its development as a global low-carbon economy, China implemented the national policy of the natural gas utilization in 2007. After that, the structure of natural gas consumption underwent a great change. The demand of urban gas has increased continuously. The consumption of CNG vehicles grows rapidly and that of power plant increases by a large margin. Figure 6 shows the structure and proportion of natural gas consumption in 1996, 2007 and 2008.
Shenzhen 12th five-year plan of energy management and natural gas utilization
According to Shenzhen 12th Five-Year Plan of Energy Development, the energy consumption will reach 61.5 mtce in 2015. The supply of natural gas will be 6.5 BCM. The supply of oil will reach 18.75 million tons and coal 5 million tons. In the primary energy consumption, the proportion of coal, oil, natural gas and electricity is 5.88:46.67:13.97:36.49, and clean energy will take up 50.45%.
Based on Shenzhen 12th Five-Year Plan of Gas Industry, Table 3 lists supply -demand balance of natural gas in Shenzhen in 2015 and 2020.
Under the requirement of energy conservation and emission reduction, natural gas power generation will be politically supported by the government. Thus, it will develop relatively fast and become the main force of natural gas consumption [4] .
KEY PROBLEMS IN NATURAL GAS DEVELOPMENT IN SHENZHEN
Gas source
Through the experience in natural gas market development and utilization in other nations, limitations and defects on the gas supply reliability have been observed for a city to depend on a single supplier. A single supplier tends to form a monopoly, putting the gas user in a weak position. Nowadays, the price is decided by market supply and demand. Cities should reduce their dependence on a single supplier, collaborate with different natural gas suppliers and build a multi-resource gas supply system. This is the only way to guarantee a city's gas supply.
Shenzhen has only one natural gas source currently. It is the LNG procured from western Australia by the Guangdong Dapeng LNG (Dapeng LNG) First Project. The second line of the China West -East natural gas (W-E 2nd Line Gas) transmission has been projected to be put into production. The main source of the W-E 2nd Line Gas is from the central Asian countries like Turkmenistan, and the auxiliary gas supply is from Tarim. Shenzhen will display a multi-gas-source pattern. According to the supply contract signed by the Shenzhen government and China National Petroleum Corporation, the W-E 2nd Line Gas transmission project is committed to supply 4 BCM/a to the Shenzhen area. It will begin gas supply in the middle of 2012, and will become the main gas source in Shenzhen. Table 4 shows the basic feature parameters of the two gas sources.
The gas classification criteria 'City Gas Classification and basic features' (GB/T 13611-2006) display the properties of the gas from the W-E 2nd Line and Dapeng LNG (Figure 7) .
Seen from the above graph, in the classification of gas suppliers, Dapeng LNG and W-E 2nd Line Gas belong to 12T reference natural gas under extreme quality deviation. That means, these two gas supplies can be interchanged, and there would be no need to change their gas equipment [5] .
According to statistics from 'Shenzhen 12th Five-Year Plan of Gas Industry', there will be above 60% of natural gas used for energy generation in 10 years. Because of that, the interchangeability between the two gas sources is very important for generator sets in power plants. ' Research Report of Shenzhen Natural Source Interchangeability' is drawn up by North China Municipal Engineering Design & Research Institute, and is deputed by the Shenzhen Gas Corporation. It states that the mixture of any ratio of the gas of Dapeng LNG and W-E 2nd Line Gas can be used as the operating gas for the 9E model power plant. But the 9F model power plant has higher requirements of gas quality. Thus cannot accept the interchangeability of the gas sources of Dapeng LNG and W-E 2nd Line.
To ensure the development of natural gas in the Shenzhen area and meet the needs of natural gas interchangeability among different users, the standards of reference for the quality of natural gas in Shenzhen should be set up. In this way, the quality of natural gas coming to Shenzhen will be more clearly certified.
Prices
According to the price of natural gas abroad, it is RMB1.80 Yuan/m 3 . The price of natural gas is set by the government. This means the reasonable system guided by the international natural gas market has not come into being yet. And now the price is much lower than the international market with a big possibility for price changes. There are two natural gas prices in Shenzhen, the station price and the selling price. Let us refer to the Table 5 for details.
As the gas source of Dapeng LNG is Western Australian natural gas, Shenzhen Gas Company signed a 25-year LNG Purchase Contract, with a contract quantity of 4.1 BCM/a at the agreed price. International oil price was about US$20/ barrel previously, but it is about US$100/barrel now. So the natural gas station price is much lower. However, with the growing demand of natural gas, the new gas field discovery, exploration of cost and oil prices being relatively high, the natural gas price is estimated to rise in the future. The NG price of W-E 2nd Line Gas is estimated at 2.7 Yuan/m 3 . This is much higher than that of Dapeng LNG.
The international proportion of the purchase price to the selling price of gas is 1:3 to 1:4. As for the domestic prices, the proportion is usually 1:1.5. Currently, the circumstance in Shenzhen with regard to price is peculiar. Despite the relatively inexpensive LNG natural gas from Western Australia, because the operation cost is higher, the proportion is about 1:2. Nevertheless, because of the W-E 2nd Line Gas transmission project as well as the rise in price, the selling price of natural gas in the Shenzhen area should increase to be adjusted to this circumstance. There is disadvantage brought by the rise in the purchase cost. By these adjustments, the supply enterprises can overcome the disadvantage and gain sustainable development.
Natural gas supply (4 BCM) from West China each year is more than enough for citizens in Shenzhen nowadays. So more uses of natural gas need to be developed, especially including energy generation industries, gas-driven vehicles and gas-fired heaters, in order to increase the supply and the sale of natural gas. To ensure the leading role of natural gas in the competition, and to open up the natural gas market, we need to obtain reasonable market prices for natural gas. At present, the sale price structure of natural gas, generally speaking, is not reasonable enough. This means that there are a lot of problems remaining to be settled. For example, the problems on how should the gas be priced according to the different numbers of users and the preferential policy. Surely, there exists more other problems and all of these problems reflect the natural gas producing cost as well as the principle of reasonable compensation. The writer once put forward information mentioned below in the master's thesis 'Research on the Reform and Management Model of Shenzhen Urban Pipeline Gas Price':
A. Increasing the efficiency of social distribution, stimulating productive efficiency of enterprises and protecting enterprises to develop potential form, the structure of a 3D-purpose system of the price control policy for natural gas. These are the main guidelines for the government in pricing natural gas in cities as well as an important tool in helping analyze the price control policy. B. Gas in cities is natural monopoly industry, and so price changes would not have a great influence on the market demand; but in order to prevent enterprises from profiteering, the government has to have the natural gas price controlled. Figure 7 . The properties of the gas from W-E 2nd Line and Dapeng (Redrawn from Ref. [5] ).
C. After the comparison and analysis of natural gas price control, the price control policy should reflect the producing cost of natural gas as well as the principle of reasonable compensation. The mission should be related to price adjustment of natural gas in advance, let the lever of price be exerted adequately, encourage large users as well as peakshaving users to use natural gas. A reasonable gas-usage structure should be set up to make good preparation for price competitions. D. As for the reform on natural gas pricing in Shenzhen, it is recommended to use a price ceiling model as well as a price regulating system.
Recently, the State Development and Reform Commission introduced the price ceiling model to be equitable with the gate station price of natural gas in Guangdong Province. It calls for standardizing the natural gas lines, the management of natural gas price in cities, setting ceiling prices of natural gas, exploring a step gas price policy as well as a reasonable gas-usage structure.
Alternate energy sources
The alternate energy sources to natural gas mainly include electric energy, solar power, biomass energy and so on [6, 7] .
Electric energy
Shenzhen is a city short of electric energy, especially in summer. Facing the peak of electricity consumption, a method of limiting and cutting down power will be introduced to remedy the situation. People are getting used to cooking with gas equipment. Moreover, the productive cost of electric energy is higher than that of natural gas. Therefore, the use of electric energy would not have a great benefit over the use of natural gas.
Solar energy
Shenzhen is situated to the south of the Tropic of Cancer. People in Shenzhen enjoy plenty of sunlight each year with a large quantity of solar radiation of about 5225 MJ/m 2 . For about 300 days each year, solar collectors can work well with sunlight. So, solar energy is energy with good potential in the Shenzhen area. In October 2010, Shenzhen government published 'The Solar Energy Root Program of Applying Renewable Energy on City building' . The main step is to make mandatory the introduction of a solar water heater system in newly built civil buildings. And from 1 December, 2010, all the newly built civil buildings that need steady supply of heated water should have a solar water heater system installed. In addition, the floor area of newly built civil buildings to be installed with this system should be more than 307 m 2 ; also all social guaranteed houses should have a solar water heater system installed.
Sort out all the installed houses in city area, and encourage the building area of 3,950,000 m 2 to install solar water heater, especially factory dormitories, student dormitories, inpatient departments as well as residential houses. With conditions fit for solar water heater installation, all the student dormitories, factory dormitories and inpatient departments should be equipped with installed solar water heaters. Moreover, citizens should be encouraged to have solar water heaters installed in their existing residential houses.
From all the above-mentioned measures, it is concluded that solar water heaters would have a great impact on the natural gas water heater system in cities. However, most residents in Shenzhen refuse to use a solar system. First, the main raw material needed for a solar water heater is Silicon (Si). Its output is quite low, making the supply of Si short of demand. Thus, the price of a solar heating system is so high that users can hardly afford to invest in it. Second, there are a lot of high buildings in Shenzhen. This means that with the installation of solar water heater systems, there would arise safety problems including protection against lightning and wind and so on. Because of the limited area of the top floors, the solar energy installation would not meet the needs of all users in one building, especially of users living on ground floors. In addition, the installations in tall buildings would have an adverse aesthetic impact, making them less attractive. It is impossible for solar energy to take the place of natural gas energy within a short period. With the requirements of low carbon emission and an environmentally friendly economy, and the government with regard to policies, financial support and lowering the producing cost, solar energy could gradually have an increased influence in people's lives.
Biomass energy
Biomass energy mainly refers to the energy produced by biomass resources such as crop straws, forest waste, animal waste, etc. However, one can hardly find any significant agricultural area or forest area in Shenzhen, a highly urbanized city. As a result, biomass energy in Shenzhen can only be produced in landfills and from food waste. Additionally, because biomass energy can only be produced after a series of complex processes and the output cannot be steadily acquired, biomass energy has little impact on the use of natural gas energy.
However, with the development of science and the improvement of technologies of energy usage, as a new energy, biomass energy is drawing more and more attention. In 2009, Singaporean and Swiss scientists stated that with all the waste in landfills around the world transferred into biomass energy, the energy crisis and carbon emission problem can be remedied. But recent research shows that biomass energy produced by crop straws is against sustainable human development, increasing the output of agricultural production and leading to high environmental cost. However, if the second generation biomass energy comes from treated city waste with the production of cellulose ethyl hydrate, there will be no worries about environmental issues [8] , because this will lower the amount of carbon emission. There are large landfills in Shenzhen. These can be used to obtain methane, which can be supplied for people after purification.
CONCLUSION
Judging either from the geographic or the energy structure perspective, the prospect of natural gas utilization is significantly bright. On one hand, Shenzhen has a large market because of the high population density. On the other hand, as a special economic zone with the development of a new energy structure, Shenzhen will be a model for other cities domestically. The prospects of natural gas supplies and natural gas power generation are also bright.
With the rapid development of natural gas utilization, the supply of natural gas in Shenzhen area will be augmented. Being produced in different areas, the compositions and characteristics of natural gas differ. To ensure the continuity of natural gas supply to natural gas users, one should have relevant reference standard to identify the quality of natural gas. The reference standards not only ensure the quality of natural gas but also its interchangeability. That is to say, a unified standard for the quality of natural gas should set up in the Shenzhen area.
The upstream price is the station price, which includes the well-head price and pipeline transportation fee. These prices are set by the State Development and Reform Commission. The selling price of city gas is fixed by the local government. A reasonable price plays an increasingly significant role in the development of natural gas in an area. It is very important that the local government makes good use of the price lever to reconcile the interests of the country, enterprise and user. The Shenzhen government sets a ceiling on price, and sets the step price for large-scale users of natural gas, which is beneficial to the development of natural gas.
Growing rapidly into a highly urbanized city, Shenzhen is short of biomass resources; therefore, it is not suitable for the development of biomass energy. However, the developments of biomass technology and the conversion technology for city waste, biogas could be a supplement to natural gas.
As Shenzhen is a typical city of southern China, the analysis and conclusions of this work can be used as reference for the natural gas utilization and carbon discharge reduction in other cities of southern China such as Guangzhou, Foshan, Zhuhai etc.
